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HYALURONIC MODIFIED' POLYMERIC ARTICLES 
The present invention relates to polymeric articles 
modified with hyaluronic acid ("HA"), and having improved 
biocompatibility which enables the modified articles to be 
used in numerous in vivo applications, such as various 
5 prosthetic devices including artificial heart valves, 
vascular grafts, etc. 

Hyaluronic acid is a known, naturally occurring 
material which has many applications in medicine and 
biology. See, for example, E. A. Balazs U.S. Patent 

10 No. 4,272,522 and publications cited therein. 

The present invention is directed to polymeric 
articles modified with hyaluronic acid (a substance which is 
normally present in animal tissues) so as to confer on such . 
articles a considerably higher degree of biocompatibility 

15 than the unmodified articles. The invention includes . 
polymeric articles such as castings, films, fibres and 
fabrics which contain hyaluronic acid or salts thereof, 
dispersed throughout the article or as a coating on the 
surface thereof, or both. The hyaluronic acid may also be 

20 cross-linked after preparation of the article. The thusly 
modified polymeric articles are therefore suitable for use 
in various prosthetic devices such as artificial heart 
valves, intraocular lenses, vascular grafts, pacemaker leads 
and the like, as well as in various kinds of drug delivery 

25 systems. 

The polymers which can be modified with hyaluronic 
acid in accordance with .the invention are. numerous and 
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include : 

1) polyursthanes, including aliphatic, aromatic 
and araliphatic polyetherurethanes and 
polyesterurethanes; . 
5 2) polyolefins such as polyethylene; 

3) vinyl polymers such as polyvinyl chloride, 

' polyvinyl alcohol- and polyvinyl acetate and 
copolymers thereof; 

4) acrylic polymers such as copolymers of methyl 
10 acrylate and methy methacrylate ; 

* 5) polyamides; 

6) polyesters; and 

7) polysiloxanes. 

There are numerous methods of introducing the 
15 hyaluronic acid into a polymer or applying it onto the 
surface of a polymer. One method involves dissolving 
hyaluronic acid in an appropriate solvent and mixing the 
obtained solution with a polymer solution or an emulsion ' 
and thereafter forming an article, for example a film, from 
20 the mixture or applying this mixture as a coating. The 

suitable solvents for dissolving hyaluronic acid are water, 
dimethylsulf oxide and demethylf ormamide. The surface of the 
polymeric substrate may be activated, as can the hyaluronic 
acid. 

25 Another method involves adding hyaluronic acid in * 

a solid form, preferably as a powder, to a polymer solution 
and thereafter forming an article, for example a film, from 
the obtained mixture or applying .this mixture as a coating. 
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Still another method involves coating a 
particulate material with hyaluronic acid from solution and 

; introducing the coated particles into a polymer solution and 
then forming an article, for example a film, from the 

5 obtained mixture or applying this mixture as a coating. , 
Examples of suitable particulate materials are ion exchange 

resins, silica, alumina, etc. 

Finally, in any of the methods described above, 
the hyaluronic acid can be cross-linked before or after 
10 mixing with the polymer with the use of various cross- 

linking agents. 

The following examples (wherein all parts given* 
are by weight unless otherwise specified) illustrate several 
embodiments of the invention. - — 

15 
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In Examples 1-4, improved polyurethane articles were 
prepared which consist of a layer of polyurethane and one or 
two layers of an elastic film-forming mixture of hyaluronic 
acid with another polymer or polymers. 
5 Example 1 

A piece of polye therurethane rubber film (Upjohn) was 
activated by dipping in a dime thy lformamide bath for 10 seconds 
and following washing with a water/acetone mixture of 1:30 by 
volume for one minute and then with water for one minute. 
10 A mixture containing hyaluronic acid 4 was prepared in 

the following manner: 31.0 g of. a 1% water solution of the 
sodium salt of hyaluronic acid (prepared from rooster combs, 
protein content 1.15%, intrinsic viscosity [n] 2,700) was 
diluted with 60.0 g of water and then mixed with 6.7 g of an 
15 aliphatic polyurethane water emulsion (Neo Rez R962, Polyvinyl 
Chemical Industries) . A translucent, moderately viscous mix- 
ture was obtained, solid content 2.96%, hyaluronic acid/poly- 
urethane ratio was about 1:4. The activated polyurethane film 
was dipped into the prepared mixture, then dried in air for 
20 30 minutes and, finally, in a vacuum oven at 55 °C and 43 mm 
Kg for 30 minutes. The obtained article consisted of a layer 
of the polyetherurethane rubber film coated from both sides 
with a continuous film consisting of the aliphatic polyurethane 
and sodium hyaluronate. 



Exampl e' 2 

Th e procedure described ia Example 1 — 

„ ith th . exception that 0.3 g of a polyfunctions! Uridine 

compound (Polyvinyl a— industries,, cross-linxer 

^ h The obtained article consisted of a l 
5 CX-100) was added. The ODxain<= ^ 
L i - polyetherurethane rubber fil* coated from both 

Hnuous film consisting of an aliphatic 
sides with a continuous mm ^ 

a .r-oss-linked sodium hyaluronate. 
polyetherurethane and cross linKea 

Example 3 

A 6 lass rod was coated by dipping it into a 10* 
solu tion of a polyetherurethane (The (Mohn Company, 
,.p ell etnane.. 80 AE - "Pellethane" is a listened Trade . 
Hart) in dimethylfor^ide. The polymer fil» was ***** 
ln water/acetone mixture o f 3:! hy volume. The film on 

„ + an 0 !-- for 30 minutes. The 
15 rod was dried in an oven at 80 C for 

second layer was applied hy dipping into the polyurethane - 
sodiu. hyaluronate fixture according to Example 1 

The obtained tubular article consisted of two 
lay ers, one of which was a polyetherurethane ill™ and the 

» a mixed film from an aliphatic polyurethane and 
20 second one a mixed ix-un 

cross-linked sodium hyaluronate. 
Example 4 

1.09g of air dried sodium hyaluronate was 

- +„^o nf 4 40e of water and 67g of 
dissolved in a mixture of 4.4Ug o 

25 al meth,lf oroide. 10. of the resulting solution were mixed 
wit b log of a 35* solution of a polyetherurethane (Upiohn 
company "Pellethane" 80 AE, in dimethylacetamide. Solxd 
content in this solution was 13.80* with sodium hyaluronate/ 
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po.lyurethane ratip. of 1:40. A glass rod was dipped into 
this viscous solution. The polymers were coagulated in a 
water/acetone = 3:1 by volume mixture. The tubular film 
was washed in water 10 minutes and then dried off in a 
5 vacuum oven at 45mm Hg and 50°C for 45 minutes. 

The following examples illustrate the application 
of a hyaluronic acid coating onto a polyester fabric 
(Example 5) and onto a PVC film (Example 6). 
Example 5 

10 A solution containing 1.5% by weight of hyaluronic 

acid and 1.0% by weight of cross-linking agent CX-100 was 
prepared. A piece of "Dacron" (registered Trade Mark) 
knitted fabric was dipped into the solution for 2 minutes. 
The excess of the solution was squeezed off and the sample 

15 was dried overnight. The hyaluronic acid content in the 
coated fabric was 3.7% by weight. 
Example 6 

A water solution of sodium hyaluronate was added 
to a vinyl acrylic water emulsion (Amsco-Res 9205, Union 

20 Chemicals Division) to obtain a mixture containing 0.25% by 
weight of hyaluronic, acid. The mixture was applied by 
dipping onto polyvinyl chloride (PVC) film and dried in air 
for 2 hours. The coated film was treated in 1% by weight 
solution of cross-linking agent CX-100 in a water-acetone 

25 mixture containing 20% by volume of acetone and dried in air 
for 3 hours. A film with a well adhered coating containing 
hyaluronic acid was obtained. 

The. .following examples illustrate another approach 
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to obtaining a polyurethane film containing sodium 
hya luronate, namely, introducing sodium hyaluronate in a 
finely divided powder form into a polyurethane solution 
(followed by casting the mixture) and precipitating the fil. , 
5 by the appropriate coagulating medium. | 
Example 7 

Sodium hyaluronate (0.33g; intrinsic viscosity 
3 160) in a finely divided powder form was added to .10.69, 
• of polyurethane ("Pellethane" 80 AE, Upjohn Company) 
10 solution in dimethylacetamide (concentration 16.4% by 

weight). The mixture was spread on a glass plate with the 
aid of a glass rod and put into 100ml of 95% ethyl alcohol. 
The precipitated, milky-white film was left in the alcohol 
for 10 minutes, then removed from the bath, washed twice 
15 with ethanol and dried in air. The obtained elastic film 
contained 9.35% by weight sodium hyaluronate. 

-in nitrates the modification 
The following example lllustraxes 

ot the fil. obtained as describe, above la Example 7 which 
leads to the formation of a cross-linked hyaluronic acid 
20 iayer on the surface of the film. ' The treatment consists 
in putting the film into a water solution of the cross- 
linking agent which cross-links hyaluronic acid upon drying. 
In this treatment, hyaluronic acid particles swell and 
partially dissolve in water and migrate to the surface of 
25 the fil.. As a result, there is a layer of a concentrated 
hyaluronic acid solution on the surface. Upon drying, 
hya luronic acid is cross-linked by the cross-linking agent 
aad in this way, a layer, of cross-linked hyaluronic acid is 




formed on the film surface. 
Example 8 

The film obtained in Example 7 was dipped into a 
solution of polyfunctional arizidine compound in water (0.5% 
5 by weight; cross-linker, CX-100, Polyvinyl Chemical 

Industries) for 1 minute, then removed from the solution and 
dried in air for 2 hours. Then the film was washed 
repeatedly in water and dried. The film obtained had a 
continuous layer of cross-linked hyaluronic acid on its 
10 surface which was proven by staining the film in a water 
solution of Toluidine 0 Blue. 

The following example illustrates a variant of 
the approach described above. In this variant, a material 
consisting of small particles, e.g., ion exchange resin, 
15 silica, alumina, etc. , is coated with hyaluronic acid and 
these, coated particles are introduced into a polyurethane. 
Example 9 

An ion exchange resin (5.0g of "Dowex" 50W-2x, 
mesh size 200-400 - "Dowex" is a registered Trade Mark) 

20 was mixed with 10. 6g of hyaluronic acid in water at a 

concentration 7.2mg/ml. The mixture was dried in a vacuum 
oven. The product obtained contained 1.5% hyaluronic acid. 
The coated resin (0.5g) was mixed with 5g of the 
polyurethane solution used in the preceding example. The 

25 film was precipitated and treated as above. The hyaluronic 
acid content in the film was' 0.38%. 
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^0 illustrates modification of the ■. 
T *e following example illustra 

• - silicone rubber with a hyaluronate con- 
surface properties of silicone 

taining coating. 

Exampl e 10. , , 

"" ^ fc< i fl stic, Dow Corning) 

f - silicone rubber (Silastic, 
a piece of a si ul - u " 
• \ into a 10% solution of an a*ine-oontainin 9 sUan. ^ 
was dipped into 11" ^ M in .., 

(sll .ne n-UOO, onion Ctoiae, insane, o ^ 
a , r and tnen in an oven at SO^or !0 -notes. Tn 

■• • • _ _ n m of sodium 

, • 4-« » solution containing 0.5- oi 
rubber was dipped into a solutio . 

unker CX-100. The sample was ? 
hvaluronate and 0.12% of cross-linker CX . 

y i. 7n°r for 10 minutes, me 

drl ed in air and then in an oven at 70 

c ^ This property was 
Edified sample nad , wettatie eotfaoe. Tbx , 
P et„anent as wa S £ on„d W tepeatediy waenin, tne sa P 

water. 

Ability of the preparations according to | 
The bl ocom P atibility hereaf ter described, 

the invention was demonstrated by the . 

l4 . 11 - Blood_Com£atibU^y_THi ( 

Exam£le_i± 2i22- la * e i e ts was used in ' 

3 H-serotonin by human platelets 
Release of H sero artivity of the pro- , f 

fhe blood reactivity <->x. » 

— rr :::::: venooe » «- - , 

duct of Example 5. Nor plast ic tubes ?| > 

p i as tic syringes and i^iately trans, e P 
gaining sodiu, citrate (one part . | 

Platelet rich plasma was prepared by * 
whole blood) . 105 x g and removed by ,sero- 

,. on at 4°C for 15 minutes at 125 x g 

' last ic or siliconized test tube, 
j logical pipet to a pla.ti fl 
serotonin ( 3 H-5-hydroxy tryptamine , 
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26.3 Ci/:.:r.ol, ImCi/ml e thanol-wa ter ) was added to platelet 
rich p la (PRP) , 0.2-0.5 ul/ml PRP, and incubated for 15 
minutes -:it 37°c. In the assay, s i liconi zed' or polypropylene 
test tub-"-s were used; thrombin was used as a positive control, 
5 coated and uncoated samples were tested. 1.0-2.0 ml of 3 H-5:iT 
PRP was added. to each of duplicate tubes containing samples to 
be assayed; a 50 ul aliquot was removed from the control mix- 
ture for determination of total . radioactivity . Following the 
appropriate incubation period (10-120 minutes) 0.2-0.5 mi / 
10 aliquots of the suspension were removed' and centrifuged over 
silicon oil in an Eppendorf microfuge for two minutes at 
12,0.00 x g. 50 ul of the supernatant was removed from each 
tube, mixed with 5 ml of liquid scintillation fluid, and .% 
radioactivity measured by beta-spec trometrjy . The amount of 
15 3 H-5HT released by thrombin or the test samples was the incre- 
ment in radioactivity of the supernatant (radioactivity of 
experimental samples minus radioactivity control) . Coated . 
samples of the product of example 5 were consistently less 

reactive in terms of 'amount, pf 3 H-5HT released; uncoated sam- '■ 
20 pies induced 52% greater release than the coated samples^^- 
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Our co-ending Application No. 8428021 <8eriai 
No 2151247A, describes and claims a composition of natter 
comprising poly (2-n y dro* y etn ? l .etnacrylate) modiiied * 

+ a r»n a surface thereof, 
the inclusion therein, or by a coating on 

„ oa it thereof. We make no claim 
5 of hyaluronic acid or a salt thereoi. 

herein to such a composition of matter. 

The reader's attention is directed to our 
co-pending Application No. 8420560 (Serial No. 2151244A) 
whi ch describes and claims a method of making a water 
10 insoluble hyaluronic acid preparation, said method 

comprising subjecting hyaluronic acid or an acid addition 
salt thereof to treatment with a cross-linking agent 
selected from formaldehyde, dimethylol urea, : 
dira ethylolethylene urea, ethylene oxide, a 
15 a polyisocyanate and divinyl sulfone.— ~ 
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1. A composition of matter comprising a ' 
polymeric material modified by the inclusion therein, or 

5 by the coating on a surface thereof, of hyaluronic acid or 
a salt thereof- 

2. A composition according to Claim 1; wherein 
the polymeric material is a polyurethane , a polyolefin, a 
vinylic polymer or copolymer, an acrylic polymer or 

10 copolymer, a polyamide, a polyester or a polysiloxane . . 

3. A composition according to Claim 2, wherein 
the polymeric material is a polyurethane. 

4. A composition according to Claim 3, wherein 
the polyurethane is an aliphatic, aromatic or araliphatic 

15 polyetherur ethane or polyes'terur ethane. 

5. A composition according to any preceding 
claim, wherein the hyaluronic acid or salt thereof is coated 
onto the surface of the polymeric material. 

6. A composition according to any preceding 

10 claim, wherein the hyaluronic acid is covalently bonded to 
the surface of the polymeric material. 

7. A composition according to any preceding 
claim, wherein the hyaluronic acid is distributed throughout 
the body, and on thie surface of the polymeric material. 

5 8. A composition according to any of 

claims 5-7, wherein the hyaluronic acid on the surface of 
the polymeric material is cross-linked. 
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9 . A composition according to claim 2, wherein 
the polymeric material, is a polyester. 

10. A composition according to claim 9, wherexn 
the hyaluronic acid or salt thereof is coated onto the 

5 surface of the polymeric material. 

U. A composition according to claim 10 wherein 
the hyaluronic acid on the surface of the polymeric 

material is cross-linked. 

12. A composition according to claim 2, wherexn 

10 the polymeric material is a vinylic polymer. 

13. A composition according to claim 12, wherexn 
the vinylic polymer is a polyvinyl chloride. 

14. A composition according to claim 13 wherein 

+ thpreof is coated onto the 
the hyaluronic acxd or salt thereoi xs 

15 surface of the polymeric material. 

15. A composition according to claim 14, wherein 
the hyaluronic acid on the surface of the polymeric 
material is cross-linked. 

16. A formed article made from a composition 

20 according to any preceding claim. 

17. An article according to claim 16 which , is a 

casting, a film, a fibre or a fabric. 

18. A composition of matter according to claim 1 
and substantially as described in any one of Examples 1-10 

25 herein. 



